(Copepoda, Rotifera, Cladocera and Protozoa: Amoeba Testacea) from natural lakes of the middle Rio Doce basin, Minas Gerais, Brazil.
Material and Methods

Study site
The naturally barred lake system is located in the middle part of the Rio Doce basin (19°29'24" S -19°48'18" S, 42°28'18" W -42°38'30" W) and was formed by tectonic and sedimentary mechanisms during late Pleistocene (Mello et al. 1999) (Figure 1) . The region has a marked seasonality exhibiting two distinct periods: the dry period (May-August), with low temperature and precipitation and the rainy period (September to April), with high values of temperature and precipitation, allowing to classify the region as tropical semi-humid with mesothermal characteristics (Tundisi 1997) . The lakes within the RDSP are currently protected from recent human impacts, despite still suffering with past impacts such as the introduction of exotic fish species (Latini & Petrere 2004) . Most lakes outside the park had their surrounding natural forests replaced by Eucalyptus spp. plantations and some lakes are used for recreation, fishing clubs and local projects for net cage fish cultures (e.g. Jacaré and Verde lakes).
Data Collection and Analysis
The zooplankton community was sampled at a fixed point in the pelagic zone filtering 200 liters of lake water through a 68 μm plankton net using a hydraulic pump at depths defined by the Secchi disk assumed as corresponding to 10% of incident light (Cole, 1983) . In shallow lakes (depth < 3m) samples were collected at the sub-surface, at the Secchi depth and at 0.5 m from the bottom. For the study in the littoral region of Patos lake ten liters of water were filtered through a 45 μm plankton net with a bucket. Different macrophyte banks were evaluated and six samples were collected two meters distant from each other along a transect parallel to the lake's margin (Table 1 ). The littoral region of Dom Helvécio lake was also sampled and the results presented by Maia- . All collected samples were immediately transferred into plastic bottles, stained with rose bengal and preserved with 4% neutral formaldehyde solution. The identification of the species was made under a light microscope at 200x to 1000x magnification, referring to the relevant taxonomic literature (e.g. Koste 1978 , Koste & Robertson 1983 , Reid 1985 , MatsumuraTundisi 1986 , Dussart 1987 , Segers 1995 , Segers & Dumont 1995 , Smirnov 1996 , Elmoor-Loureiro 1997 , Rocha 1998 , Gomes-Souza 2008 , checked for synonyms and redescriptions).
Water temperature, dissolved oxygen and pH were measured each time with a multiprobe Horiba U-22 sensor. Water samples were also collected for total phosphorus quantification, according to Mackereth et al. (1978) . The samplings were authorized by the Minas Gerais State Forest Institute (IEF-MG, license number 005/07).
Using data from study 3, where the sample effort was the same for all 18 lakes (4 months and 3 depths = 12 samples), we calculated the 95% percentile confidence interval for the medians of total phosphorus by nonparametric bootstrap with 10000 replications (Efron
Introduction
Brazil is known as the most mega diverse country (Myers et al. 2000) . The Atlantic Forest is classified as a biodiversity hotspot, as it is one of the most deforested and threatened amongst the Brazilian biomes that still maintains a high species diversity (Fonseca 1985 , Mittermeier et al. 1998 . Furthermore, inland waters have become critical ecosystems for conservation, since they bear a high biodiversity in confined spaces, threatened by humanity's need for water (Dudgeon et al. 2006) . The middle Rio Doce lake system is a lacustrine complex formed by c. 300 natural water bodies amidst the Atlantic Forest biome. Considering its regional importance, in 1944, a state decree created the Rio Doce State Park (RDSP) which is the largest continuous Atlantic Forest fragment in Minas Gerais state, recently incorporated to the Ramsar sites for preservation of wetlands (RAMSAR 2010) .
Despite having its integrity protected by law, Gontijo & Britto (1997) identified 26 types of human impacts occurring both internally and externally to the Park's boundaries. Among the impacts within the park the illegal hunting and fishing, introduction of exotic species (mollusks, fishes and even a primate) and tourism on the shore grounds of Lake Dom Helvécio deserve special attention. Concerning the latter, some modifications in the species abundance and functioning were related to anthropic interferences (Maia- Barbosa et al. 2010) . Some examples of impacts in the vicinity of the Park, which have been cited by the authors, are the extensive Eucalyptus spp. monocrops -mainly used as charcoal in the steel plants -the extensive farming and abandoned pasture lands, and a fast growing urbanization that produces sewage and garbage which, not rarely, reaches the Park limits.
Since the 1970's, the plankton diversity of this lake system has been cataloged (e.g. Barbosa & Tundisi 1980) . After the implementation of the LTER program in November 1999 (LTER/PELD-UFMG site 4), samplings became systematic until late 2010. The Brazilian site 4 ILTER project aims to evaluate the impacts of anthropogenic activity on local and regional biodiversity assuming that the RDSP has been threatened mainly by two factors: forest fragmentation and introduction of exotic species.
With the objective to catalog the existing zooplankton biodiversity of the middle Rio Doce lake system, we present in this study the limnologic features and the species list of the zooplankton community of eighteen lakes (eight inside the RDSP and ten in its surrounding). The objective was assessed with three interrelated studies & Tibshirani 1993). Sample-Based Rarefaction Curves were also constructed with biological data from study 3 using the exact calculations of the average and standard deviation of species richness for combinations of samples (Gotelli & Cowell 2001) The zooplankton samples are stored in the Laboratório de Limnologia, Ecotoxicologia e Ecologia Aquática of the Instituto de Ciências Biológicas of the Universidade Federal de Minas Gerais, Brazil.
Results and discussion
The sampled lakes in this study are listed in Table 2 with geographic coordinates and some lake characteristics. The identified species list is presented in Table 3 . Concerning the data from study 3 and according to trophic index limits based on total phosphorus concentration proposed by Lamparelli (2004) , the majority of the lakes were classified as mesotrophic although some exhibit tendency to eutrophy such as lakes Pimenta, Santa Helena, Barra, Table1: Methodologies used in the three types of studies conducted in lakes of the RDSP and surroundings.
14(1): e20134040, 2014 Figure 2 ). Only lake Verde was considered strictly oligotrophic. Water temperature has an amplitude of 10°C between dry and rainy periods (from 22°C to 32°C, respectively), dissolved oxygen concentrations showed a mean of 5.8 mg/L, varying from 9.4 mg/L in the sub-surface to complete anoxia at some depths greater than five meters and pH varied between 8.6 and 5. The lakes' area varied from 0.09 to 3.81Km 2 with a mean of 0.81Km 2 (Table 2) . In a large sample effort Tundisi & Saijo (1997) evaluated the zooplankton biodiversity of 13 lakes of this system in November 1985 and July 1987. The authors reported 16 species of Rotifera, 9 of Cladocera and 7 of Copepoda. Moreto (2001) evaluated the limnetic and littoral region of 5 lakes of this system and identified 39 species of Rotifera, 13 of Cladocera and 4 of Copepoda. Considering the three studies described in our study, a total of 354 zooplankton species were identified out of which 175 belonging to Rotifera, 55 to Cladocera, 25 to Copepoda and 95 to Protozooa (Amoeba Testacea) ( Tundisi & Saijo (1997) , but these species have never been reported since that time, being considered locally extinct, probably due to nonnative fish species introduction (Pinto-Coelho et al. 2008) . The other species cited only by Tundisi & Saijo (1997) and Moreto (2001) are considered synonyms, redescriptions or misidentifications as described hereafter. Mesocyclops brasilianus Kiefer, 1933 may be M. meridianus as both species are restricted to the southern hemisphere, despite the latter having a wider distribution (Silva 2008 (Segers & Smet 2008) . The species Synchaeta stylata was cited by Moreto (2001) but in our study the individual was identified only until genus level. Lecane gillardi armata Koste, 1978 is a synonym for Lecane armata and Proales giganthea (Glascott, 1893) is probably a misidentification because this specie is not recorded in Neotropical regions. Alona quadrata is not a valid species so its report is considered as uncertain.
The checklist presented by the Project BIOTA/FAPESP in São Paulo state reported 277 Rotifera species from 90 water bodies, 12 Copepoda Calanoida species from 250 water bodies, 39 species of Copepoda Cyclopoida from 207 water bodies and 96 Cladocera species from 300 water bodies (Matsumura- , Rocha et al 2011 , Soares et al. 2011 ). In the upper Paraná River flood plain 541 species were reported from 36 aquatic environments from 2000 to 2007 (Lansac-Tôha,et al. 2009 ). Comparing the richness here reported we can see that the middle Rio Doce sustains high zooplankton diversity in a very small and limited region.
The dominance of rotifer species is a common pattern in most of the cited environments and can be explained by its typical opportunistic life history with parthenogenetic reproduction and short life cycles combined with the ability to produce eggs that survive desiccation, resulting in great resistance and resilience to disturbances (Allan 1976) . Within the rotifers, four families contributed significantly to the species richness: Lecanidae, with 43 species of the genus Lecane, Brachionidae, with 22 species (8 species of Brachionus), Lepadellidae, with 21 species (14 Lepadella species) and Trichocercidae, with 17 Trichocerca species. Moreto (2001) also reported were collected in littoral zones of two lakes (Dom Helvécio and Patos) and in Amarela lake. Difflugidae, with 39 species (26 Difflugia species) and Arcellidae, with 22 species (15 Arcela species) were the families with the highest richness. Compared with the checklist provided by Regali-Seleghim et al. (2011) , where 84 taxa of Testacea were reported from 75 aquatic environments in São Paulo state, the richness reported in our work is very expressive and it might be underestimated because only three lakes were evaluated. Lake Amarela alone had a richness of 74 species, with predominance of Difflugia (21 species), Arcella (15 species) and Centropyxis (13 species). The families of these three genera are described as dominant in littoral environments.
Considering the results from study 3, where the 18 lakes were sampled with the same effort, from a total of 95 identified taxa, 29 taxa were recorded only in lakes outside the park limits and 7 taxa were recorded only in lakes inside the park limits. This greater richness of the group of lakes outside the park can be clearly visualized with Sample-Based Rarefaction Curves plot (Figure 3) . Most of the exclusive richness found in lakes outside the park is due to Amarela lake, which is small and shallow (area < 30ha and depth < 3m) with a well-developed macrophyte community. But even if we remove Amarela lake from the outside group of lakes we can see that this group still has a higher richness compared to lakes inside the park (Figure 4 ). This pattern is probably due to higher disturbance intensity and frequency to which the lakes outside the park limits are subjected, thus preventing lakes to reach a stable state where competitive exclusion may take place. (Paggi & José de Paggi 1990 , Bozelli 1992 , Sendacz 1993 , Bonecker et al. 1994 , Lansac-Toha et al. 1997 .
Bosmina tubicen Brehm, 1953 and Diaphanosoma birgei Korineck, 1981 were the most common cladoceran species found in fifteen and fourteen lakes respectively. Among the copepods, Thermocyclops minutus (Lowndes, 1934) was present in all eighteen lakes and Notodiaptomus isabelae (Wright S., 1936) wasn't recorded only in three lakes (Amarela, Pimenta and Santa Helena). The occurrence of two exotic species should also be noted: Kellicottia bostoniensis (Rousselet, 1908) (Rotifera) and Mesocyclops ogunnus Onabamiro, 1957 (Copepoda), but these species were recorded only once and may not have established themselves.
The protozoan group was represented by 95 Testacea species and 4 ciliates species, although no specific sampling procedure was employed. The recorded species
Figure3: Sample-Based rarefaction Curves with all the samples from study 3 (All lakes), and divided between lakes inside the http://www.scielo.br/bn http://dx.doi.org/10.1590/S1676-06034040
Biota Neotrop., Study 2, conducted in the littoral and limnetic regions of Patos lake included 41 new taxa to the previous species list for the region. The most representative group was Rotifera (21 species), followed by Amoeba Testacea (13 species), Cladocera (5 species) and Copepoda (2 species). The species Lepadella minoruoides Koste and Robertson, 1983 , Ptygura furcillata (Kellicott, 1889) and Lecane eutarsa Harring and Myers, 1926 with previous records only in the Amazon Basin, were identified in the littoral region of Patos lake.
The comparison between different types of studies confirms the importance of long-term biodiversity studies. Regarding only the Copepoda, Cladocera and Rotifera species from the seven lakes sampled in study 1 (long-term monthly samples) and comparing them to the richness of the same seven lakes in study 3 (spatial sampling with quarterly samplings during one year), 77 species were common to both studies, 6 species were recorded only in study 3 and 127 species only in study 1. The importance of littoral zones must also be pointed out, since all new records for the state of Minas Gerais were identified in samples collected in this region.
An incomplete survey on the zooplankton diversity reported 551 zooplankton species for Minas Gerais state, 151 Protozoa, 300 Rotifera, 68 Cladocera, 30 Copepoda and 2 of insect larvae (Eskinazi-Sant'Anna et al. 2005 ) and another recent study updated the Cladocera group up to 94 species (Santos-Wisniewski 2010) . Although these data show a substantial richness, they may be underestimated owing to the lack of information from some major basins of the state, such as Jequitinhonha, Paranaíba, and Grande and from some groups, such as Protozoa. The data published on Brazil's freshwater zooplankton biodiversity accounts for 457 Rotifera species (34% recorded in RDSP), 112 Cladocera species (49% recorded in RDSP) and 196 Copepoda species (13% recorded in RDSP) (Ismael et al. 1999) . For the neotropical biogeographic region 682 Rotifera species (25% recorded in RDSP) are reported, 186 Cladocera species (29% recorded in RDSP) and 561 Copepoda species (4 % recorded in RDSP) (Boxshall & Defaye 2008 , Forró et al. 2008 , Segers 2008 . The high richness of zooplankton species in RDSP lakes and surrounding region (less than 0.01% of Brazil's area) draws attention to regional as well as nationwide relevance of this system to aquatic biodiversity. 
